Background: The complexity of health care systems, the development of clinical approaches, and both scientific and technological advancements give rise to new requirements in clinical risk management. An expedient risk management is expected to deal with as many risks as possible to ensure patient safety. A prerequisite for a clinical risk management is a well-functioning error-reporting culture in health care organizations. The present study analysed the relationship between the Critical Incident Reporting System (CIRS) and patient safety. In particular, the aim of this work is to evaluate whether data from available sources provide sufficient evidence for the utility of CIRS and to derive recommendations for both theorists and practitioners. On paper, CIRS is expected to be useful in clinical settings because it allows the identification of weak spots, hazards, and critical situations such as 'near misses'. However, neither a general CIRS database based on clinical reports exists nor a universal CIRS policy or CIRS direction has been established so far, which can be attributed to the inhomogeneity of the literature and the variability of approaches. Therefore, ordering and analysis of clinical reports are highly desirable. Methods: First, inclusion criteria, exclusion criteria, and keywords were defined to collect studies, reviews, and other sources on CIRS from official databases. After the collection of appropriate articles, a description of the individual data is given. Then, data are classified into different sections based on their respective central statements, and a brief description is given. Finally, the reports are analysed in order to detect patterns and differences. Results: There is a close correlation between the establishment of CIRS in a health care organization and patient safety, although a quantitative relationship between reporting systems and safety is still unproven. CIRS allows the identification and implementation of appropriate actions and strategies toward patient safety. Several prerequisites were identified: top management commitment, transparency, training, anonymity, incentives, and an open error-reporting culture. Personnel have an important impact on the reduction of risk and on the development of safety. The leadership should accept the implementation of a "no blame" error and feedback culture and the security of an absolutely anonymous reporting system. The position of a risk or safety manager is highly recommended. Conclusion: As immediate recommendations, health care organizations are encouraged to adopt CIRS. On the other hand, several research topics were identified, such as the quantitative relationship between CIRS and safety or the development of reliable incident-reporting indices and the ways on how to deal with them. Intensified empirically based research may help in answering open questions concerning CIRS.
Background
A pivotal task in health care systems is to provide the best possible diagnosis and treatment of specific diseases. However, an increase in complexity, both time and cost pressure, and workload in conjunction with novel medical technologies may turn health care institutions and organizations into high-risk areas, suggesting risks for patients, negative consequences for health care organizations, and an increase of cost. A study by the Institute of Medicine [1] in 1999 has shown that between 44,000 and 98,000 Americans per year are dying due to avoidable errors in medication. For the first time, medical attendance errors are placed within the list of the ten most frequent causes of death before breast cancer or traffic accidents. Therefore, it is obvious that processes and even staff in the health care sector can be regarded as a source of risk. On the other hand, based on existing ethical policies and legal regulations, health care institutions and organizations are to regain and maintain patient confidence [2] . Therefore, they have to align processes and courses of action for the benefit of patients. To avoid risky measures, the implementation of a well-developed clinical risk management in conjunction with a "no blame" mission is one of several options in this optimization process.
In Germany and Austria, a matured error-reporting culture is not fully developed [3] . The establishment of a wellfunctioning error-reporting culture in health care institutions and organizations is often hampered by staff, which can be attributed to the fear of financial and personal consequences. More transparency in risk reduction processes in health care institutions and organizations is highly desirable [4] . In this context, several issues must be addressed:
The creation of a combined illustration of international results concerning voluntary incidentreporting systems such as the Critical Incident Reporting System (CIRS) Verbalization of international, European, and national risk management requirements in health care facilities Illustration of current quantitative and qualitative data concerning avoidable errors and frequency of errors, as well as damage to health with lethal consequence in relation to therapy and health care
The aim of this study is (i) to provide an overview on CIRS and its utility in clinical risk management; (ii) to gain insight in the institutional CIRS implementation processes, i.e. to provide a generic direction on how an efficient and sustainable adoption of CIRS in a clinical organization can be achieved; and (iii) to investigate the relationship between the CIRS application and patient safety.
Methods
Currently, neither national nor international reviews on CIRS exist. Therefore, a systematic literature review of available public sources was conducted in order to ascertain the impact of CIRS on clinical risk management and patient safety. A systematic review is expected to reduce the operator bias concerning the selection of relevant studies in comparison to a more conventional narrative literature review. The literature search was done in relevant literature databases including CINAHL, Cochrane Library, Google Scholar, MEDLINE, PubMed, and Thieme e-book library using a varying combination of German and English keywords (Table 1) between October 28, 2014, and May 25, 2015 .
After this, predetermined exclusion criteria were used in order to identify and select the most relevant sources, which resulted in a core set of articles, paper, books, 'grey literature' , etc. for data synthesis and analysis. In addition, the remaining abstracts of articles and full texts which were not taken into the core set were read for substantive relevance. Exclusion criteria were:
Outdated data (sources published up to 2005). There were four exceptions, i.e. sources which contained data of general importance. No relationship between keywords found within the title, abstract, and content. Inadequate virtual studies and literature reviews (minimum requirements: introduction, applied method, reasonable results, discussion, and conclusion). No authorship and no date of publication. No content relevant to 'near misses', i.e. exclusion of sources dealing solely with 'adverse events' or 'sentinel events'. Books and technical reports where the author(s) did not publish regular articles which can be found in regular databases so far.
After data collection, the articles were assigned to three categories: (i) studies and paper, (ii) reviews, and (iii) books and technical reports. The articles were searched for the following questions and issues:
(1)What was reported? (2)Who has reported? (3)What were the consequences about, i.e. which measures and courses of action have been taken into account and were implemented in order to improve or to resolve the risky situation, respectively? (4)Impeding factors with respect to the acceptance, maintenance, and success of CIRS. (5)Promotional factors with respect to the acceptance, maintenance, and success of CIRS. (6)Relationship between CIRS and its impact on patient safety. (7)Useful supplements on CIRS.
Results
After application of the selection criteria, 36 studies (Table 2) , 6 textbooks (Table 3) , and 14 technical reports (Table 4) for data synthesis and analysis came under scrutiny.
What was reported?
Most articles deal with the implementation and utilization of incident-reporting systems. Therefore, organizational culture, clinical staff, and safety issues play a major role in explanation of merits and demerits of CIRS and related reporting systems.
Many authors [5, 6] stated that incident-reporting systems capture only a small fraction of occurring incidents in hospitals. Reasons for non-reporting of errors are a lack of feedback, a lack of knowledge, time pressure, and underestimation of the critical incident (CI) [7] . It was found that a high incident-reporting rate correlates with a sound error and safety culture [8] . Another problem is the quality and validity of the incidents reports: CIRS indices are often skewed and ambiguous [9] or the information is often too generic [10] . To collect incident reports without in-depth analysis does not lead to a higher level of patient safety [11] .
Incidents are prevalent in hospitals and can be found in nearly all clinical areas and operations. A field study from Switzerland [4] revealed that nearly half of all documented incidents (number (N) = 1.470) are human errors (49.5%). Other incidents can be ascribed to organizational settings (24.9%), infrastructure and environment (10.8%), and technical problems (6.2%), amongst others (8.6%). Another field study conducted in Italy and Romania [12] yielded the following results: in a hospital in Bucharest (Romania), most incident reports related to diagnostics (28%), surgery (14%), and patient falls (12%). In Genoa (Italy), patient falls (32%), incidents by nursing (20%), and incidents in diagnostics (19%) were reported, whereas in Milan (Italy), incidents by nursing (25%) and medication regulation and administration (21%) and incidents in diagnostic procedures (17%) can be found. A Japanese study [13] showed that most reports were based on medication errors (2815 reports, 46.6% of a total of 6041 reports), followed by complications and errors with medical stock (1.147 errors, 19.0%), and errors with patient falls (826, 13.7%). Here, the high number of reports was ascribed to an underdeveloped communication policy. A German analysis of 151 incidents [14] yielded the following results: 71 errors (47%) based on organizational and communication errors, 54 reports (35.8%) as a result of human errors, and technical errors (17 reports, 11.3%), amongst others (9 reports, 5.9%). Most errors were found in medication (29%), followed by patient falls (14%) and medical operations (15%) [15] . The authors stated that 59% of all reported errors can be classified as preventable [14] .
The occurrence of incidents with respect to organization and processes [16, 17] , surgery and anaesthesia [18] [19] [20] , and medication [6, [20] [21] [22] [23] [24] [25] were described, too.
Who has reported?
Although CIRS reports stem from very different clinical areas, i.e. theatre, ICU, patient falls, nursing care, and medication vide supra, CIRS and related voluntary reporting systems are predominantly used by nursery staff whereas it is rarely used by other clinical staff members, in particular physicians [7, 18, 26, 27] . In one case, it was found that physicians reported adverse events mostly via the clinical risk management, while nursing staff used more often CIRS settings [26] . This observation may reflect the reluctance of clinical professionals to internalize the necessity of an error culture [28] . In order to remedy these shortcomings, the promotion of a voluntary involvement of physicians was highly recommended [15] . Anyway, many authors suggest that the success of incident-reporting systems depend on whether it is regarded as a holistic approach, i.e. CIRS must integrate into the organizational processes of the health care system [29] [30] [31] [32] [33] and even necessitates the commitment of top management [34] .
Different studies illustrate that the handling of CIRS depends on the kind of occupants and the medical discipline. A study [13] stated that the majority of reports are generated by nurses using their own CIRS paper form. Conversely, the medical profession reports It is estimated that about 50% of incidents with potential harm to patients could be avoided. In a specific hospital reposting system that resembles to CIRS, it was possible to promote active handling of safety issues, resulting in a positive effect on the management of failures and damages. The reporting system is deemed as a first step in the development of clinical risk management.
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Technical contribution CIRS is useless in the absence of clinical risk management and QM systems. Furthermore, both technical and non-technical skills of health care professionals are deemed as decisive with respect to a safe and efficient delivery of patient care.
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The number of CI reports can be explained by two ways. First, it can mean a high-risk potential and a high probability of a patient harm. Second, it can be seen as an indicator of an organizational culture of openness and willingness to learn. preferentially clear errors. In a European study [27] , about 30% of the CIRS reports (N = 226) stemmed from nursing personnel, about 15% from medical professionals, and about 24% from medical-technical service staff. These results are consistent with those from [35] . An analysis of different medical disciplines illustrates that mainly anaesthesia and surgical care staff use CIRS (37%) [15] . Another source [18] revealed that mainly anaesthesia and surgical care staff report errors (37%), followed by ward nurses (31%), medical professionals (17%), and administrative staff document errors (5%). Similar results were described in a comparative study of the hospital from New York, Utah, and Colorado [15] . Here, 3407 (88%) errors of all registered notifications were reported by the nursing staff, 73 reports (1.9%) by physicians, and 346 reports (8.9%) by other staff. About 50% (1859) of all CIRS reports were submitted by the patient ward, 797 (21%) from the intensive care units, 544 (14%) from surgery, and less than 5% from other areas. Other authors [15] confirmed that the minority of CIRS will be generated by medical professionals. As a consequence, they called for a more active collaboration to increase the effectiveness of reporting systems in hospitals [15] .
Documented improvement action
The study of Rose and Hess [36] showed that 585 suggestions for improvement were implemented from a total of 5000 CIRS reports, although it was found that processes and measures might generate new errors. Therefore, an effective error management has to be implemented in addition to the CIRS system. In two studies, acquisition of new equipment, improvements in medication and administration, adoption of novel standards, and training programs amongst other measures were implemented as a result of incident reports [10, 37] . The training of staff was recommended by most authors. The utilization of incentives (establishment of a 'Good Catch Award') was proposed by Herzer et al. [38] .
Hübler et al. [17] gave recommendations in terms of surgery and anaesthesia.
Obstructive and assisting aspects
Several factors detrimental to a well-functioning CIRS can be identified: work overload (a higher workload has a negative effect on safety [39] and/or time pressure [7] ), untrained staff (ignorance or lack of knowledge amongst staff members) [5, 13, 17, 40] , lack of feedback, lack of communication and/or team work [17] , a poor quality of incident reports (inconclusive statements or too generic data) [9, 10] , and the collection of incident reports without an in-depth analysis [11] . During the implementation phase of a reporting system, resentments amongst staff members which affect the acceptance of CIRS might arise [41] . With respect to the validity of the report error data and information, this can primarily be attributed to the profession [42] . Other issues were discussed in greater detail: anonymity and consequences [4] , provisions and time [8, 18, 32] , and feedback [7, 43] .
Many authors wrote about factors that can positively affect the acceptance and effectiveness of CIRS. First of all, professional leadership is indispensable for the implementation and application of an efficient CIRS. This can be attributed to a company-specific authority and the role model function. Leadership must accept an open errorreporting culture for the safety and benefit of patients. One element is to ensure and promote effective work at all levels to increase patient safety. These can be mediated by education and training to increase the knowledge and skills of the staff [25, 27, 30] . Another aspect is the implementation of a "no blame" error and feedback culture and the security of an absolutely anonymous reporting system [4, 37, 41, 44] . Similarly, transparency, trust, and knowledge on CIRS are mandatory and are closely related to the training and skills of clinical staff [4, 14, [45] [46] [47] . In addition, feedback was identified as an essential part of CIRS [4, 13, 43, 44, 46] . Some features and criteria of an effective CIRS process [11, 36] and generic positive factors of CIRS [13, 16] were described in detail, too.
CIRS and positive trends
In a survey [27] , 100% of medical professionals and 100% of nurses specified sustainable corrections for their organization based on CIRS reports, whereas 50% of the medical-technical staff indicated no improvements due to CIRS. It was found that CIRS is important in creating a positive error-safety culture, in detecting weak points, and in analysing necessary system changes [27] . CIRS can provide sufficient qualitative data for detecting critical system errors in health care institutions and organizations. The CIRS-based data allows the analysis of the current situation and development of possible counterstrategies to positively influence the increase in patient safety [6] . In an Australian study, it was found that system changes based on CIRS reduce the numbers of future adverse events [48] . Other positive trends were described elsewhere [49] [50] [51] . Certain measures were given by Leape and Berwick [2] and Merkle [29] .
Further cognition
Several issues of further importance were found: (i) technical measures derived from incident reports may lead to new error resources [50] ; (ii) the probable importance of national incident-reporting systems relevant to anaesthesia [31] ; (iii) an inflationary push of CI-reporting systems without a sound comprehension or planning (see Ramanujam et al. [30] for an example in medication); (iv) ineffectiveness in dealing with CI reports [4] ; (v) the relationship between CIRS and related reporting systems with organizational quality management [52] ; (vi) complementary approaches of CIRS [5, 6, 8, 16, 26] ; and (vii) the dispute on the relationship between incident report frequency and patient safety [8, 12, 15, 17, 18, 20, 21, 25, 53] .
Discussion
In recent years, CIRS and related reporting systems (there are three distinct reporting systems in European hospitals, at least: Doupi [54] ) have become an essential prerequisite for many health care organizations [54] . The implementation of CIRS is an important undertaking for hospitals as it is expected to contribute significantly to the reduction of clinical risk. With respect to Austria, the integration of risk management in quality management systems (ISO 9001:2015) and in the national law of Austria (Ministerialentwurf 143/ME XXV, §4 (15) ) necessitates the development of consistent risk management practices in clinical settings.
The purpose of this work was a literature search to provide an overview on CIRS and its utility in clinical risk management and the relationship between CIRS adoption and patient safety. Application of predetermined exclusion criteria and inclusion criteria led to a core set of articles consisting of 36 studies, 6 reviews, and 14 specialist books or technical contributions. Available data confirm a positive relationship between the utilization of CIRS and an increase in patient safety. A 'probable' positive effect of incident reporting on patient safety was established, but CIRS must be planned and implemented in a systematic way.
Core elements of a well-functioning CIRS are feedback, involvement of the whole staff including top management commitment, and the integration of CIRS in both risk and quality management. It is important to illustrate the advantages of a CIRS system for a transparent risk reduction process for the benefit of the patients (and, of course, for the clinical staff at all hierarchical levels).
Anonymity and incentives play a pivotal role in maintaining incident reporting, too. Training of staff and transparency are very often mentioned throughout the sources which came under scrutiny. A well-planned and implemented CIRS may improve organizational errorreporting culture, learning processes, and overall safety. In practical terms, the establishment of a skilled risk manager position is highly recommended to point out the importance of CIRS and to encourage recognition and acceptance for a successful CIRS implementation. The risk manager has to find ways to convince members of the top management and clinical staff members to contribute to risk minimization and patient safety through CI reporting. Conversely, the risk manager needs the support of top management.
A CIRS not supported by managers of the higher organizational levels will be implemented with trouble and will not produce any quantifiable improvement. It should be also noted that key figures or indicators, which can be often found in literature on CIRS, are probably helpful in terms of process steering in health care organizations, but do not improve patient safety.
In addition, several limitations have been found:
Because of the chosen method, there may be restrictions in validity imposed by the selection criteria and by the restricted number of pages. There are no pooled results due to the nonavailability of intervention studies as a result of the predetermined selection criteria. Due to the heterogeneity of incident-reporting systems and the inclusion of similar designations such as near misses and CI, interpretations in literature reports often diverge. Because no fee-based databases were used in the literature search, there might be further restrictions in validity.
There is an unmet need for a confirmation of the effectiveness of CIRS in clinical practice. This would provide another starting point for a Ph.D. thesis.
Conclusion
The literature search conducted in this study revealed unambiguously that incident reporting in hospitals is highly variable. This can be attributed to the nonavailability of a global standard, norm, or certification guidance specific for CI. In practical terms, it seems that CIRS (or similar reporting systems as seen in Doupi [54] and in Levtzion-Korach et al. [26] ) is often implemented in a more intuitive manner instead of in a systematic way. Nevertheless, CIRS was found to have a positive impact on safety culture in most cases, although description or analysis of the factual relationship between the reporting system and patient safety remains vague. When applied in an optimized manner, CIRS induces positive changes such as the adaption of processes [20, 53] , awareness of risk [10, 16, 19, 53] , and 'near misses' [19, 20] . 
